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Preface

FUNDAMENTALS OF CHEMISTRY is designed for a one term, pre-
professional, introductory chemistry course. No prior exposure to chem-
istry is assumed; the text provides the student with the working knowledge
of chemistry necessary to enter the-general chemistry sequence or a one
term course in organic or biochemistry. It offers a sound foundation of
chemical principles for prospective chemistry majors, as well as for stu-
dents in nursing, allied health, home economics, education, agriculture,
and liberal arts curricula.

The text is self-contained, coupling the historical development of the
concepts of modern chemistry with an essentially “nuts and bolts” ap-
proach to calculations and manipulations of chemical quantities. This
presentation is intended to give the student an appreciation for the signifi-
cance and development of the science while providing an explanation of
its methods and principles.

The basic concepts of introductory chemistry are presented in a
logical sequence: measurements, stoichiometry, atomic structure, the
periodic table, bonding, states of matter and phase changes, solutions,
equilibria, acids and bases, and oxidation-reduction reactions. Chapters
on organic chemistry and biochemistry conclude the text. We have chosen
to introduce stoichiometric concepts and problem solving at the begin-
ning of the text so as to immediately acquaint the student with handling
chemical quantities. Of special interest is Chapter 3, a detailed series of
worked-out examples based on the concepts developed in Chapter 2.

We have attempted to demonstrate the application and relevance of
chemistry through examples and inserts carried throughout the text. The
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inserts in particular illustrate how chemistry is involved in many facets of
everyday life. Other features of the text include numerous worked-out.
examples in those sections dealing with quantitative calculations. Prob-
lems are given at the end of every chapter, and the answers to all numeri-
cal problems are provided at the end of the text. As a further aid to stu-
dents, guidelines are set out at the beginning of each chapter to indicate
what they should know after having studied that chapter. A glossary and
index are also provided.

During the past two years, a manuscript version of this textbook has
been extensively class tested at the University of Connecticut. Special
thanks are due to those students who were kind enough to draw our atten-
tion to errors and ambiguities.

We should like to acknowledge Roger Dunn, who cajoled us into
undertaking this project, and Bill Bryden, who saw it through to its com-
pletion, as well as Susan Harter, our manuscript editor, and the other
members of the staff of Harcourt Brace Jovanovich, Inc. J. R. R. would like
to express his appreciation to C. C. Liang and P. Bro at Mallory for their
support during the latter stages of this project. Finally, we must give
thanks to Lane Witherell, our typist, who was always ready to incorporate
that “last change.”

Edward Kostiner
Jesse R. Rea
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Guidelines

After completing this chapter the student should be able to

list the different major fields of chemistry
perform algebraic manipulations in exponential (scientific) notation

list the S| units of measurement for length, volume, mass, temperature,
and pressure

list the Sl prefixes and use them in calculations

express the results of calculations in the correct number of significant
figures

use conversion factors and dimensional (or factor-label) analysis in
problem solving

differentiate between physical and chemical properties

explain the difference between elements and compounds, between
pure substances and mixtures, and between heterogeneous and homo-
geneous mixtures

explain the difference between potential and kinetic energy and list
several different forms of energy




1.1 Why Chemistry?

Many people ask the question “Why study chemistry?” The answer is best
provided by dealing with the question in its broader context: “Why study
any science?” One reason is that, whether we like it or not, science is the
foundation of our way of life in the twentieth century. By that we mean
that very few people in our society are dependent only on their own re-
sources for food, clothing, and shelter. We are all dependent on the tools,
machinery, and sources of energy that science and scientists have pro-
vided. It is almost a cliché to say that the standard of living we enjoy would
be impossible without science. One cannot truly understand or even know
very much about the world we live in without being conversant with the
fundamental ideas of science. To study science is to enlarge one’s perspec-
tive on the world and to begin to understand the twentieth century.
Many of the questions, dilemmas, and problems facing the world
today are partially scientific in nature or were brought about by applica-
tions of scientific knowledge. Similarly, many of these problems can best
be solved by the proper applications of other scientific knowledge. The
problem of the alleged destruction of the atmosphere’s ozone shield by
aerosol propellants, for example, is best approached with a knowledge
of what these things are, how they react with other substances, and how
quickly they react. To solve the food shortage problem, it is useful to know
something about chemical equations and thus be able to predict, for ex-
ample, the production of fertilizer from a given amount of natural gas and
nitrogen. To develop safe and economical alternatives to our current
energy sources, we must be able to predict harmful chemical reactions as
well as measure the various forms of energy and understand their inter-
conversions. Finally, to produce materials for specific purposes, something
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must be known about the internal structure of matter. So there is such a
thing as “better living through chemistry,” because chemistry has been a
conspicuous contributor to the progress of civilization and to the quality
of our existence.

However, even if it had not contributed a single “practical” dis-
covery toward the betterment of our lives, and even if it were not
sential for solving some of our current problems, chemistry would still
be worthy of serious study. In the seventeenth and eighteenth centuries
what we now call science was called “natural philosophy”; even today,
the doctoral degree awarded in the sciences is the Ph.D. (doctor of philos-
ophy), as it is in the humanities.-Chemistry as a science is a philosophy in
the sense that it is a way of regarding the world, a way of organizing
phenomena into a particular picture of reality. Chemistry remains one of
the liberal arts, and as such its study can lead to clarity of thought, appre-
ciation of beauty, and the opportunity to exercise intuition and creativity.

At present the physical sciences are more orderly than the social
sciences, humanities, and fine arts. Procedures are better defined and
established, verification is more easily obtained, and usually consensus is
more easily reached. Yet even in the physical sciences there are numerous
controversies, such as the current discussion over the effects of aerosol
propellants on the atmosphere. In fact, almost every scientific law hides
an encounter between conflicting ideas. Chemists, also, can be awed at the
sometimes paradoxical complexity of the universe.

What is chemistry really? It is the science of substances, devoted to
increasing our understanding of the universe in the sense of what it is made
of, how it is organized and structured, and how it works. In order to attain
this understanding, chemists have developed approximations, models,
and theories of great imagination and power. The cornerstones of the
science of chemistry are among our most outstanding intellectual
achievements.

Fields of Chemistry

Historically, chemistry has been divided into two broad fields,
organic and inorganic. Organic chemistry is concerned exclusively with
the chemistry of the element carbon and its compounds, while inorganic
chemistry is devoted to the chemistry of all the other elements. Specialized
areas of organic and inorganic chemistry usually include other fields of
science. Bioorganic chemists, for example, deal with biologically active
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organic molecules, and bioinorganic chemists are concerned with bio-
logically active molecules that contain metal atoms.

Other fields of chernistry cut across the division between organic and
inorganic chemistry. Analytical chemistry is concerned with the qualita-
tive (“What is it?”’) and the quantitative (“How much is there?”) aspects
of chemistry; it is the chemical analysis of compounds. Physical chemistry
covers the quantitative aspects of the physical properties of substances
and their relationships to chemical structure and composition. As more
specialization and compartmentalization occurs, we speak of bio-
chemistry, the chemistry of biologically active substances; radiochemistry,
the chemistry of radioactive materials; polymer chemistry, the chemistry
of polymeric (long-chain) molecules; and solid state chemistry, which
focuses on the chemical behavior of solids. Many of these fields overlap
with their counterparts in the areas of biology and physics and, in fact,
areas such as x-ray crystallography (the investigation of the structure of
solids using the technique of x-ray diffraction) claim practitioners in
chemistry, biology, physics, and geology.

Even the classical distinction of organic versus inorganic chemistry
has become blurred. Organometallic chemists are concerned with com-
pounds in which a metal atom (normally the province of the inorganic
chemist) is bonded to an organic species. :

Finally, chemical engineering covers the teshnological aspects of
chemistry; its focus is the application of chemistry to industrial use. For
example, it is the chemical engineer who designs machinery to manu-
facture the new insecticide discovered in the laboratory.

The goals of this introductory course are to expose you to experi-
mental facts, principles, and methods of chemistry; to provide you with
a facility for dealing with the quantitative manipulations involved in
doing chemistry; and to give you a greater understanding of nature and of
the society we live in.

1.2 Exponents

Before beginning a study of chemical principles, it is essential to review
some mathematics and learn the system of measurement used in science.
One mathematical tool used extensively in chemistry is that of scientific
(or exponential) notation. It is nothing more than a convenient way of
writing very large and very small numbers by making use of positive and
negative powers of ten.
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For numbers greater than one, the exponent to which the number ten

“is raised” indicates the number of tens multiplied together:

= 1

JUF =308

102 = 10 X 10 = 100.

10° =10 X 10 X 10 = 1,000.

104 = 10 X 10 X 10 X 10 = 10,000.
Note that the exponent is numerically equal to the number of zeros be-
tween one and the decimal point.

Similarly, a negative exponent indicates a reciprocal, which gives a
number less than one:

1 1

107 = — = =]
104 290
1 1
100 = 001
102 & 100 10
10 = e = St = 0001
102 2103 10: 310
104 = i . = 0.0001

10 10 X 10 X 10 X 10

Note that the absolute value of the negative exponent (the value regard-
less of the plus or minus sign) is always one more than the number of zeros
between the decimal point and one.

Consider the following very large number as an example:

602,200,000,000,000,000,000,000

It can be factored (broken down) into the product of a smaller number and
a whole-number power of ten:

6.022 X 100,000,000,000,000,000,000,000
or

6.022 X 1023



